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Introduction
Inequality measurement is an important topic in the economic literature. However, National Accounting and, more precisely, Social Accounting Matrices have not been widely used as instruments for inequality analysis. This question has already exposed by Atkinson and Bourguignon (2000) , who argued that income distribution should be integrate into economic analysis. Some attempts for solving this lack can be found in Rubio and Vicente (2003) , where SAM multipliers and inequality measurement were put in touch in a country-level analysis. On the other hand, computable general equilibrium models have been applied to analyse the relationship between economic growth and income inequality -Hanson and Rose (1997)-or the effects on income distribution of several energy taxation measures -Yang (2000) .
In this sense, this paper was carried out in the framework of linear SAM modelling. The objective was to apply these models to the economy of Extremadura, in order to quantify and arrange the interdependence relationships, focusing on several results related to households and income inequality.
To attain this objective, together with a brief analysis of traditional SAM multipliers, three applications focused on income distribution analysis are presented. Firstly, two redistributed income matrices are computed. These matrices show the effects that exogenous inflows to either the different activity sectors or the households groups would have on the households' relative incomes. Secondly, Gini and Theil inequality indices are considered to how both indices change because of increases in final demand or in income transfers. Finally, since inequality decrease is an important goal of social policy, we calculated what the redistribution of initial income transfers should be to minimize both inequality indices. Particularly worthy of note among the results was that increments in demand and increments in transfers had precisely the opposite effects. The former increased the inequality in income distribution between the different groups of households, while the latter reduced it. In addition, a major reduction in the two inequality indices would result from an appropriate re-allocation of transfers towards the low-income households.
The work is structured as follows. Section 2 presents the linear SAM multipliers in an abridged form, and shows the formulation required to obtain the redistributive multipliers. Section 3 is an overview of the SAM that was constructed for the Extremadura economy, and that will be used as the basis for the subsequent calculations.
Section 4 presents the results of the four applications performed. Finally, section 5 gives the principal conclusions drawn from the analyses.
Linear SAM models and redistribution matrix
Social accounting matrices (SAM) can be conceived of as a disaggregated matrix representation of the circular flow of income, allowing one to study the processes of the generation and distribution of income. These matrices are generally presented as square matrices, with a row and a column identically arranged for each agent or economic sector incorporated in the matrix. By convention, the row entries are interpreted as income, and the column entries as payments or expenditures. An important accounting constraint is that a SAM should satisfy the necessary equality between the sum of each row and the sum of its corresponding column.
Their principal application is as a basis for the construction of economic models. A first group of such models is that of the so-called linear SAM models. These allow one to determine the changes in income levels of the different agents that may be caused by It is important to note that, since it captures in a complete way the interrelationships between the different agents and sectors, this methodology is well suited to evaluating multiplicative effects. In addition, the level of disaggregation that SAMs normally incorporate enables the obtained multipliers to be presented with a high degree of detail.
To construct a SAM multiplier model, one must begin by classifying the SAM accounts into endogenous and exogenous. Traditionally, public administrations, the capital or savings/investment account, and the external sector accounts are usually considered exogenous. The accounts for the productive factors, the remaining institutional sectors, and the activity sectors are therefore considered endogenous 2 .
In the formulation of these models, one basically transforms and rewrites the SAM's accounting identities. Assume that the total number of accounts in the SAM, m, is apportioned between n endogenous and k exogenous accounts, and that the column vectors y n and y k represent their levels of production or income. Using A ij to denote submatrices of column-normalized coefficients -expenditure share-, the partitioned matrix structure of the SAM can be expressed in the following manner: 
Computing this matrix product:
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The column vector x shows the sum of exogenous injections received by each endogenous account. The matrix Ma allows one to relate exogenous injections of income with the incomes of the endogenous accounts, providing the termed accounting multipliers 3 .
The SAM multipliers analysis has traditionally focused on determining changes in absolute income levels. It is also important, however, to determine what changes the possible exogenous shocks would cause to the relative position of a given economic agent. The accounting multipliers can be used as the basis to define other measures that capture these relative effects. A good example is found in the redistributive multipliers set forth by Roland-Holst and Sancho (1992) 4 . Following these authors, one defines the relative income vector z n : n n n y e y z '
where e' is a unitary row vector. Substituting the expression for y n , equation (2), and with matrix differentiation, one has: 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   6 The matrix R, termed redistribution matrix, determines the ultimate distribution of relative incomes resulting from different exogenous shocks.
5
. To show and interpret the redistributive effects more closely, a generic element R ij can be expressed in the following manner: negative value of R ij shows a worsening in its relative position.
Social accounting matrix for the Extremadura economy
To carry out the subsequent applications, we took as the basis the only SAM built for the Extremadura economy, corresponding to the year 1990
6
. The set of accounts conforming this matrix (henceforth, SAMEXT90) is presented in figure 1 .
The main statistical sources used have been a table of intersectoral flows (input-output table), the corresponding Regional Accounts, and a household's income and expenditure survey. Other more specific sources were also used to complete certain transactions of 
Analysis of the results
The presented applications are clearly aimed at an income distribution and inequality analysis. We first calculated the accounting multiplier matrix as an application for showing the capacity that the different endogenous agents have to generate increments in income. The following three applications represent the main body of the study, and assessing the changes in some inequality indices. Finally, the fourth application, in calculating the redistribution of the initial transfers required to minimize two standard inequality indices, shows the importance of transfers as a redistributive instrument.
The accounting multipliers matrix
In our case, the usual closure assumption for SAM multipliers model is used, that is, the accounts for production factors, household groups, and activity sectors are considered as endogenous. Therefore, the corresponding accounting multipliers matrix -Ma (Ext) -is of order 30×30.
Although one could differentiate various submatrices that carry relevant information, in this section we shall restrict ourselves to analyzing the multipliers calculated as column sums of the matrix Ma(Ext), that we term diffusion effects (backward linkages in inputoutput terms). These multipliers show the overall effects of a unitary exogenous injection received by the endogenous account under consideration on all endogenous account incomes. Thus, agents or sectors with large diffusion effects generate significant knock-on effects, and they could hence be considered as priorities with respect to receiving exogenous impulses from public administrations.
These diffusion effects are given in give rise to major income expansion effects. The higher multipliers computed for these activity sectors correspond to a higher interdependence with the rest of endogenous agents. On the other hand, the industrial sector stands out for its small relative weight in the Extremadura economy, and its poor capacity for generating relevant knock-on effects as well (see accounts 18-24).
With respect to the household groups, it is interesting to note that the multipliers for the low-income households are greater than those multipliers of the equivalent high-income groups. This result is due to the lower savings and payments for direct taxation, in relative terms, of low-income households. Consequently, there are also less income leakages to the exogenous part of the model, and so, producing a higher boost to the economic activity by consumption.
Redistributed income matrices: activity sectors -households, and householdshouseholds
In this second application, a more detailed analysis was made for two sets of multipliers related to households' incomes. One can define the activities-households multipliers as those that reflect how exogenous injections into the activity sectors affect household incomes. Moreover, the households-households multipliers as those that reflect how those incomes are affected when households receive exogenous inflow income transfers.
Using the formalism of section 2, in the following, we use both sets of multipliers to present their corresponding redistributive matrices 7 . The aim is to determine in relative terms for which household groups increments in final exogenous demand or in income transfers are beneficial, and for which they are detrimental. Nevertheless, to facilitate the It is more interesting to consider the values in the last column. This column represents the mean redistributive effects of a unitary increment in demand. These values are computed as a weighted mean of the row elements, using the shares of exogenous injections of each sector as weights.
One observes that the pattern of relative improvement or worsening showed by the mean effect remains, almost independently of which activity sector receives the exogenous injection. In particular, the results show a worsening in the relative position of the retiree namely, a relatively small share of incomes from labour and capital factors, determine a relative worsening for the active low-income households (accounts 3, 5, and 6).
In fact, the only household groups that benefit in relative terms are those of high income.
In particular, considering this last column, approximately 66% of the redistributed income corresponds to account nine (the fifth quintile of active non-farming households), 16% to account eight (the fourth quintile), 8% to account seven (third quintile), and 10% to account four (high-income active farming households). The results thus seem to show that exogenous increases in demand tend to widen even more the differences between low-income and high-income household groups.
Secondly, and to conclude this subsection, we shall consider the households-households multipliers and its corresponding redistributed income matrix (see table 3 ). The aim is to determine how the relative incomes of households are affected by transfers received by the households themselves.
In contrast to the previous table, one observes a clear predominance of negative signs.
The exogenous income transfers only improve the relative position of the household group that received them, so that there are no mutually beneficial linkages (symmetric pairs of positive elements).
Likewise, except for the elements in the main diagonal, for each household group the elements in its corresponding row are very similar, that is, irrespective of the household group that receives the exogenous injection, changes in its relative position are almost the same. On the other hand, although the results show certain homogeneity in the total It is important to note that the results given in the last column (mean redistributive effects) are in the opposite sense to those presented in table 2   9 . Specifically, the results logically show that a transfers increase reduce the differences between low and high incomes. Indeed, the lowest income groups are almost the only ones that benefit in their relative positions, especially some of the retiree household groups. The four household groups that previously benefited in relative terms (accounts 4, 7, 8, and 9 in table 2) now show a clear worsening in their relative position.
Measuring inequality after final demand and transfers changes
In this third application, we carried out two sets of simulations that were directly related to the previous redistributed income matrices. The objective of these applications is to confirm the results of the redistributed income matrices, by using the traditional income inequality analysis. Given these matrices, it is expected that, on one hand, increments in final demand increases the inequality level and, on the other one, increments in transfers reduce it. Apart from these qualitative aspects, the inequality indices we employed provide us quantitative information about the effects of growth and transfers on inequality.
Therefore, a first set of simulations was aimed at determining to what degree the levels of inequality are altered by increments in exogenous final demand, and the other the same, but by increments in exogenous income transfers received by households. The trials in both sets of simulations consisted of 10%, 20%, and 30% injections on each In this application, we considered two indices widely used in the literature: the Gini index, and the Theil index. The advantage of using this type of measure is that, since they are functions that assign a real number to each income distribution, they summarize all the information contained in the distribution in a single scalar. The two indices have quite different aggregation procedures, however, and therefore provide numerically distinct results.
The Gini index is probably the most commonly used inequality measure, due to its geometric interpretation and its relationship with the Lorenz curve. It is defined by the following expression:
The Theil index is based on the concept of entropy, and indeed forms part of the general class of entropy measures (Cowell, 1995) . It is defined by the following expressions: We set the parameter c to zero, to facilitate the optimization programming that will be presented in the next section. . Also, the changes in the two indices become greater, the larger the increment in the demand. It is important to note that these demand increases determine greater income increments for the high-income households. In this sense, due to the different sensitivity of both indices respect to changes in the distribution 12 , one observes that the changes in the Theil index become progressively greater than the corresponding changes in the Gini index.
The results for changes in transfers (table 5) are in the opposite sense to the preceding case: the transfers increments led to reductions in the inequality indices 13 . This was an expected result since the transfers are mainly received by the low-income household groups, thereby narrowing the gap between the values of their nominal income. As in the previous simulations, the different sensitivities of the two indices cause that the changes in the Theil index become progressively greater than the corresponding changes in the Gini index.
To conclude this subsection, it is important to note that the results of these simulations confirm the conclusions drawn from the redistributive effects. In particular, although the techniques of analysis are different, in both cases one observes that increments in final demand or income transfers have contrary effects on the evolution of inequality.
Transfers redistribution and inequality minimization
The importance of income transfers as a redistribution tool has been made clear by the preceding applications. Because of this importance, we propose a re-allocation of In particular, instead of increments in transfers, we propose a re-allocation of transfers, remaining constant its overall value 14 . We again used the linear SAM modelling framework showed in equation 2, since transfers redistribution modifies the exogenous inflows that the households receive, and consequently the endogenous incomes vary 15 . Table 6 gives the two patterns of transfers redistribution that minimize the Gini and the Theil indices. In both cases, the only groups that should receive greater transfers than in the initial situation are the low initial incomes households (accounts 3, 5, 10, and 12), as well as the retiree urban high-income group (account 13). These would therefore be the only beneficiaries of this process of redistribution.
There are slight differences, though, according as to whether the Gini or the Theil index is used. In the former case, the reduction in inequality is smaller; also, other household groups -the second quintile of active non-farming households (account 6) and the higher-income rural retirees (account 11) would receive certain transfers, although less in quantity than the initial values. In the latter case, the sensitivity of the Theil index to changes in the low tail of the distribution leads to greater changes being proposed for the lower-income groups, which in turn leads to a greater reduction of the inequality.
Conclusions
A set of applications based on the methodological framework of SAM multipliers has been presented for Extremadura. In particular, following the computation of the accounting multipliers, the three subsequent applications were focused on income distribution analysis -the fundamental objective of the work. The first of these applications presented the activities-households and households-households redistributive matrices. In the next, straightforward simulations were made to determine how changes in demand or in transfers alter the levels of inequality. In addition, the last application quantified the redistribution of the initial transfers that minimizes the inequality.
The results showed that low-income households have a greater capacity to generate increments in income than their high-income equivalents, although the greatest diffusion effects correspond to the service sectors. In addition, the accounts with the greatest diffusion effects are also those that present the greatest total redistributive effects in the activities-households and households-households redistributed income matrices. These last two matrices allow one to determine which household groups undergo a relative improvement and which a relative worsening in response to changes in demand or in transfers. The results showed increasing demand or increasing transfers to have opposite effects. In the former, increases in demand led to a relative improvement in high-income households at the cost of those of low income, thus widening the initial gap between the two. In the latter, however, the household groups that improved in relative terms in response to increases in transfers were clearly those of low income.
The simulations reported in the third application again investigated the effects on income distribution of changes in demand or in transfers. The results for the two indices used were coherent with the preceding case.
The last application showed how an appropriate redistribution of the transfers over the household groups allows the initial inequality indices to be significantly reduced. Given
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To conclude, we would make two final observations. First, we wish to call the attention of national and regional statistical bodies to the necessity of providing adequate statistical sources. These constitute the numerical support needed for any minimally updated economic analysis to be feasible. Second, we wish to stress the methodological potential of the analysis that has been described in the present work. SAM multipliers have allowed us to obtain important results related to the processes of income distribution and redistribution -results that would previously have been difficult to anticipate and quantify intuitively.
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